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(S3) Vented gas passenger side air bag inflator. 



(57) Inflator comprising an apertured housing 24 
containing solid propellant composition. Two 
diametrically opposed rows of first larger 
diameter holes 26 and two diametrically op- 
posed rows of second smaller diameter holes 28 
are provided extending longitudinally along one 
portion of the housing. The holes are internally 
covered by rupturable foil 32. Two circumferen- 
tial rows of third holes 34, which are smaller 
than first holes 26 and larger than second holes 
28 are provided in an end portion of the hous- 
ing. The third holes 34 are internally covered by 
rupturable foil 36 which is thicker than the foil 
32 covering the first and second holes. The 
thicker foil 36 permits the third holes used to 
vent the inflator to the atmosphere to be large 
enough to allow adequate venting under high 
ambient temperature conditions which cause 
rapid gas generation. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an improvement in a sol- 
id fuel inflatorfor an air bag or cushion restraint sys- 
tem that is provided on the passenger side of an au- 
tomotive vehicle and is characterized by providing 
"leveled performance" throughout the range of ambi- 
ent temperatures over which the inf lator is intended 
to be operative while maintaining a "thrust neutral" 
configuration. The invention is further characterized 
in allowing the use of a "wrap-around" bag construc- 
tion. 

2. Description of the Prior Art 

Some terminology herein is used for convenience 
in reference only and is not intended to be limiting. 
The words "forward!/* and "rearwardly" refer to the 
normal forward and reverse directions of travel of the 
vehicle to which a passenger restraint module is at- 
tached. 

By the term "leveled performance" is meant 
equivalent occupant restraint over the ambient tem- 
perature range -30°C. to +85°C. 

By the term "bell mouthing" is meant deformation 
of the module housing or reaction canister tending to 
be caused by the rapid lateral expansion of the air bag 
before it has escaped the confines of the module 
housing or reaction canister in which it has been stor- 
ed. 

The term "thrust neutral" refers to the production 
by an inf lator for an air bag of zero thrust when acci- 
dentally initiated as, for example, during shipping, 
storage and handling, as well as during activation re- 
sponsively to the onset of a collision. Specifically, the 
gas discharge orifices of the inf lator are so positioned 
around the periphery of the inflator that the gas is dis- 
charged in opposing directions whereby there are no 
resulting forces tending to cause movement thereof. 
Thus, the inflator will expend the energy generated 
thereby generally in place. 

It is known in the prior art to provide an inflatable 
restraint system including an air bag which is expand- 
ed by a solid fuel inflator to restrain movement of an 
occupant of an automotive vehicle in the event of a 
collision. The inflator is designed to rapidly generate 
a quantity of gas sufficient to inflate the bag. It has 
been found, however, that in very cold weather the in- 
flator attains its peak pressure much less rapidly than 
in warm weather. Thus, in cold weather, there is a ten- 
dency for the air bag to be inflated either too slowly 
or insufficiently to perform its intended purpose. Infla- 
tor performance such as this which varies with ambi- 
ent temperture can cause discomfort or possible in- 
jury to the vehicle occupant who relies upon inflation 
of the air bag for protection. 



U.S. Patent No. 4,380,346, L E. Davis etal. , as- 
signed to the assignee of the present invention, dis- 
closes an elongated cylindrical air bag inflatorfor the 
passenger side of an automotive vehicle and charac- 

5 terized in providing uniform operation in both cold and 
warm weather in a thrust neutral configuration. In this 
arrangement the orifices or passages in the inflator 
housing are all of uniform size and a multiple strength 
rupturable foil is provided in association therewith to 

10 allow selected ones of the orifices to open at a low 
pressure, and other orifices to open at a higher pres- 
sure. 

While the Davis et al. arrangement is thrust neu- 
tral, it is subject to a disadvantage in that all of the 

15 generated gases flow rearwardly into t he air bag. The 
increased deployment forces on the stored air bag 
and module housing at the higher temperatures tend 
to cause deformation, that is, bell mouthing of the 
module housing and to tear the air bag upon deploy- 

20 ment thereof. 

U.S. Patent No. 4,817,828, G. W. Goetz , disclo- 
ses an inflatable restraint system for the passenger 
side of an automotive vehicle including an elongated 
cylindrical inflator. Provided on one side of the hous- 

25 ing for the inflator are a plurality of orifices or passag- 
es of a first size which are arranged to direct gener- 
ated gases rearwardly into an air bag. A plurality of or- 
ifices of a second and smaller size is provided on the 
opposite side of the housing for directing gas forward- 

30 ly away from the bag into the vehicle compartment or 
into a conduit leading to the surrounding environ- 
ment. A foil on the inside wall of the inflator housing 
ruptures adjacent the larger orifices of the first size 
at a pressure that is lower than the pressure at which 

35 the foil ruptures at the smaller orifices of the second 
size. The first and second pluralities of orifices are 
blocked by the foil prior to activation of the inflator. 
Upon activation of the inflator, the foil adjacent the 
plurality of orifices of the first size ruptures when a 

40 sufficient pressure builds up in the inflator to allow 
generated gases to flow into the air bag. Thus, the air 
bag is not subjected to relatively low pressure which 
would tend to cause the air bag to be inflated slowly 
in cold weather. If the pressure in the inflator is too 

45 high, which tends to occur when the ambient temper- 
ature is high, the second and smaller size orifices 
open when the foil seal covering them is ruptured to 
direct gas away from the air bag. As a result, the air 
bag is not subjected to excessive pressure because 

so of high ambient temperatures. 

Although the Goetz patent provides for directing 
generated gases away from t he air bag when the tem- 
perature is high, it is subject to a disadvantage in that 
it does not provide for a thrust neutral configuration. 

55 In the absence of a thrust neutral configuration, the 
thrust produced by the deployment forces must be 
absorbed by the module housing in which the stored 
air bag and inflator are contained and also by the 
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dashboard of the automotive vehicle in which the oc- 
cupant restraint system is installed. Such thrust tends 
to cause damage not only to the module housing but 
also to the dashboard of the vehicle. Additionally, the 
arrangement of the Goetz patent does not allow the 5 
inflator to be cooperatively positioned with respect to 
the air bag in a wrap-around configuration. 

Also known in the prior art is an elongated cylin- 
drical solid fuel thrust neutral inflator assembly, as 
schematically illustrated in Figs. 1 and 2 of the draw- 10 
ings, the internal construction of which is generally 
similar to that of the aforementioned Davis et al. pa- 
tent. The inflator assembly there shown, designated 
by the reference numeral 10, includes first, second 
and third pluralities of orifices 12, 14 and 16, respec- 15 
tively, from which, upon activation of the inflator 10, 
generated gases flow under pressure and are direct- 
ed rearwardly into an air bag (not shown). The cross 
sections of the first, second and third pluralities of or- 
ifices are all of different size. 20 

Prior to activation of the inflator 10, a rupturable 
foil 18 on the inside of the housing 20 therefor, as 
seen in Fig. 2, blocks all of the orifices. The first plur- 
ality of orifices 12, those having the largest area, are 
opened to allow gas to flow into the air bag when a 25 
sufficient pressure builds up in the inflator 10 to rup- 
ture the portions of the 18 adjacent thereto. Thus, the 
air bag is not subjected to a relatively low pressure 
that could cause the air bag to be slowly or otherwise 
improperly inflated under cold weather conditions. 30 

If the pressure internally of the inflator continues 
to rise, as tends to occur upon an increase in the am- 
bient temperature, the second plurality of orifices 14, 
those having an area of intermediate size, open to di- 
rect gas into the air bag as the result of rupture of the 35 
portions of the foil 18 adjacent thereto. This relieves 
the inflator internal pressure and thus avoids subject- 
ing the air bag to an abnormally high deployment 
force. Similarly, if the ambient temperature continues 
to rise to +85°C, the orifices 16 having the smallest 40 
area also open when the pressure in the inflator rises 
sufficiently to rupture the portions of foil 18 adjacent 
those orifices. Opening of the orifices 16 also causes 
generated gas to be directed into the air bag and the 
internal pressure within the inflator 10 to be addition- 45 
ally relieved. This tends to avoid subjecting the air bag 
to excessive pressures because of the high ambient 
temperature. 

The first, second and third pluralities of orifices 
12, 14 and 16 open at different internal pressures of so 
the inflator 10. The foil portions 18 covering the larg- 
est of the orifices ruptures first because those orific- 
es have the largest area exposed to the inflator pres- 
sure. The portions of foil 18 covering the orifices hav- 
ing the largest area rupture at a pressure lower than 55 
the foil portions adjacent the orifices 14 of intermedi- 
ate area. Similarly, the foil portions covering the ori- 
fices 14 of intermediate area rupture at a lower pres- 



sure than the portions of foil 18 adjacent the orifices 
16 having the smallest area. 

The inflator assembly 10 disclosed in Figs. 1 and 
2, similarly to that disclosed in the Davis patent, is 
subject to a disadvantage in that all of the solid fuel 
generated gases over the entire range of operation 
flow rearwardly into the air bag. The resulting in- 
creased deployment forces on the air bag and on the 
module (not shown) employed to house the inflator at 
the higher temperatures, particularly, tend to cause 
bell mouthing of the module housing and to tear the 
air bag during deployment. 

Thus, there is a need and a demand for an im- 
proved solid fuel inflator for air bag restraint systems 
having utility on the passenger side of automotive ve- 
hicles to the end of providing leveled performance 
throughout the range of ambient temperatures over 
which the inflator is intended to be operative while 
maintaining a thrust neutral configuration, and fur- 
ther, which is characterized in allowing the use of a 
wrap-around air bag configuration. The present in- 
vention was devised to fill the gap that has existed in 
the art in these respects. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide an im- 
proved solid fuel inflator assembly for air bag restraint 
systems used on the passenger side of automotive 
vehicles. 

Another object of the invention is to provide such 
an inflator assembly that is operative to provide lev- 
eled performance throughout an ambient tempera- 
ture range of -30°C. to +85°C. while maintaining a 
thrust neutral configuration. 

A further object of the invention is to provide an 
inflator that is operative at an ambient temperature of 
+85°C. to direct gases away from the air bag, thereby 
helping to: 

1. dissipate the increased deployment forces on 
the air bag and module housing, minimizing the 
tendency to bell mouthing at the module housing 
and avoiding tearing of the air bag upon deploy- 
ment; 

2. increase the filtering of deployment gases ex- 
terior to the inflator and 

3. provide equivalent occupant restraint over the 
ambient temperature range from -30°C. to+85°C. 
Another object of the invention is to provide an in- 
flator for inflating a vehicle occupant restraint com- 
prising, 

an elongated housing, said housing having a 
first plurality of orifices and a second plurality of ori- 
fices for directing gas generated by said inflator into 
the restraint and a third plurality of orifices for direct- 
ing gas generated by said inflator away from the re- 
straint; 

means covering said first plurality of orifices, 
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said second plurality of orifices and said third plurality 
of orifices which ruptures at a first predetermined 
pressure to allow gas to flow into the restraint through 
said first plurality of orifices, which ruptures at a sec- 
ond predetermined pressure higher than said first 5 
predetermined pressure to allow gas to flow into the 
restraint through said second plurality of orifices, and 
which ruptures at a third predetermined pressure 
higher than said first and second predetermined 
pressures to allow gas to flow away from the restraint 10 
through said third plurality of orifices; 

with the orifices of the first, second and third 
plurality of orifices being so positioned with respect to 
said housing as to provide a thrust neutral configur- 
ation. 15 

Still another object of the invention is to provide 
such an inflator assembly that allows the use of a 
wrap-around air bag configuration. 

In accomplishing these and other objectives of 
the invention, there is provided an elongated cylindri- 20 
cal solid fuel inflator assembly having a thrust neutral 
configuration for air bag restraint systems used on the 
passenger side of automotive vehicles. Provided on 
opposed wall portions of a housing for the inflator and 
displaced substantially 180° from each other are gas 25 
discharge orifices of first and second pluralities of or- 
ifices, with each of the first and the second plurality 
of orifices positioned in a plane individual thereto, 
which planes are disposed at an angle to one another 
and intersect coincidently with the longitudinal axis of 30 
the inflator. The orifices of the first plurality of orifices 
have a larger area than the orifices of the second 
plurality of orifices. The orifices of both of the first and 
second pluralities of orifices are spaced generally uni- 
formly along a first portion of the length of the inflator 35 
with the orifices of the first and second pluralities of 
orifices being offset from one another. Rupturable foil 
on the inner side of the wall of the housing for the in- 
flator normally blocks all of the orifices of the first and 
second pluralities of orifices. 40 

Further, in accord with the invention, a third plur- 
ality of gas discharge orifices are provided in two 
rows in a second portion of the inflator located adja- 
cent to an end thereof in parallel planes substantially 
perpendicular to the longitudinal axis of the housing 45 
for the inflator assembly. The orifices of the third plur- 
ality of orifices are all of the same size, having an area 
that is intermediate in size those of said first and sec- 
ond pluralities of orifices and extend completely 
around the periphery of the inflator in uniformly side- 50 
by-side spaced relation. Rupturable foil on the inner 
wall of the housing for the inflator normally blocks all 
of the third plurality of orifices. 

Prior to activation of the inflator, all three plurali- 
ties of first, second and third orifices are blocked. 55 
Upon activation of the inflator, the first plurality of or- 
ifices open, when a sufficient pressure builds up in 
the inflator, to direct a flow of inflating gas into the air 



bag for the proper inflation thereof, even in extremely 
cold weather. When the ambient temperature is in a 
range intermediate extreme cold, -30°C, and ex- 
tremely hot, +85°C, the second plurality of orifices 
open as the pressure within the inflator increases to 
direct gas into the air bag. This relieves the inflator 
pressure and maintains the pressure at the level for 
proper inflation of the air bag without subjecting it to 
excessive deployment forces because of increasing 
ambient temperature. If the ambient temperature be- 
comes very high, exceeding 85°C, the third plurality 
of orifices open to direct gas therethrough and away 
from the air bag for dissipation into the environment. 
The air bag, therefore, is not subjected to excessive 
deployment forces because of the extremely high am- 
bient temperature. 

In order to increase the amount of orifices work- 
ing at the high temperature of +85°C, the cross sec- 
tion of the orifices of the third plurality of orifices, ac- 
cording to the invention, is made larger than that for 
the third plurality of orifices shown in Figs. 1 and 2, 
representing the prior art. For accommodating orific- 
es of such larger area an increased foil thickness may 
be provided for blocking off the orifices of the third 
plurality of orifices. 

With this arrangement, it will be noted that the 
improved inflator of the invention is thrust neutral dur- 
ing all phases of its operation, specifically when the 
orifices of largest cross section are open, when the 
orifices of largest and smallest area are also open, 
and also when the orifices of largest, smallest and in- 
termediate areas are all open at the same time. 
Thrust neutral performance is achieved with the ori- 
fices of the third plurality of orifices of intermediate 
size since those orifices extend ail around the periph- 
ery of the inflator in uniformly spaced relation. 

The invention is further characterized in that it 
lends itself to use with an air bag in a wrap-around 
configuration, as described hereinafter. 

The various features of novelty which character- 
ize the invention are pointed out with particularity in 
the claims annexed to and forming a part of this spec- 
ification. For a better understanding of the invention, 
its operating advantages, and specific objects at- 
tained by its use, reference is made to the accompa- 
nying drawings and descriptive matter in which a pre- 
ferred embodiment of the invention is illustrated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

With this description of the invention, a detailed 
description follows with reference being made to the 
accompanying figures of drawing which form part of 
the specification in which like parts are designated by 
the same reference numbers, and of which: 

Fig. 1 is a longitudinal external view of an inflator 

assembly known in the prior art and described 

hereinbefore; 
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Fig. 2 is a fragmentary sectional view taken along 
the lines 2-2 of Fig. 1, illustrating the relationship 
of a housing of the inflator assembly to a sheet 
of rupturable foil which functions as a pressure 
control for the flow of generated gas from the in- 
flator assembly; 

Fig. 3 is a longitudinal external view of an inflator 
assembly embodying the invention; 
Fig. 4 is a fragmentary sectional view taken along 
the lines 4-4 of Fig. 1 illustrating the relationship 
of a housing for the inflator assembly to one or 
more sheets of rupturable foil which function as 
a pressure control for the flow of generated gas 
from the inflator assembly; 
Fig. 5 is a perspective view illustrating an occu- 
pant restraint system including a reaction can 
with the inflator assembly of Figs. 3 and 4 mount- 
ed therein and showing an air bag attached there- 
to in a wrap-around configuration prior to being 
folded and stored therein; and 
Fig. 6 is a front view of an occupant restraint sys- 
tem of Fig. 5 showing the air bag folded and stor- 
ed therein. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The embodiment of the invention illustrated in 
Figs. 3 and 4 includes a solid fuel inflator 22 the in- 
ternal construction of which may be generally similar 
to that of the aforementioned Davis et al. patent. Pro- 
vided on opposed wall portions of the housing 24 of 
the inflator displaced substantially 180° from each 
other are first and second pluralities or rows of orific- 
es 26 and 28, with each of the first and second plur- 
alities of orifices positioned in a plane individual 
thereto, which planes are disposed at an angle to one 
another and intersect coincidently with the longitudi- 
nal axis 30 of t he inflator 22. The orifices 26 of the first 
plurality of orifices have a larger area than the orific- 
es 28 of the second plurality of orifices. The orifices 
of the first and second pluralities of orifices are 
spaced generally uniformly along a first portion of the 
length of the inflator 22 with the orifices 26 and 28 of 
the first and second pluralities of orifices being offset 
from one another. A layer of rupturable foil 32 on the 
inner wall of the housing for the inflator normally 
blocks all of the orifices of the first and second plur- 
alities of orifices 26 and 28. 

Additionally, in the illustrated invention embodi- 
ment, orifices 34 of a third plurality of orifices are pro- 
vided in two rows in a second portion of the inflator 
22, such second inflator portion being located adja- 
cent and parallel to an end of the inflator 22. The or- 
ifices 34 of the third plurality of orifices are all of the 
same size, having an area that is intermediate in size 
the orifices 26 and 28 of said first and second plural- 
ities of orifices, and extend completely around the 



periphery of the inflator 22 in uniformly side-by-side 
spaced relation. A layer of rupturable foil 36 of thickness 
greater than that of the layer of foil 32 is provided on the 
inner wall of housing 24 adjacent the orifices 34. 

5 Prior to activation of the inflator 22, all three plur- 

alities of first, second and third orifices are blocked. 
When the inflator 22 is activated by means not shown, 
as by the onset of a collision, the orifices 26 of the 
first plurality of orifices are unblocked or opened, 

w when a sufficient pressure builds up in the inflator to 
rupture the rupturable foil 32 to direct a flow of inflat- 
ing gas rearwardly into an air bag (not shown) for the 
proper inflation thereof, even in extremely cold 
weather, with the ambient temperature in the region 

15 of -30°C. When the ambient temperature is in a range 
intermediate such extreme cold and extremely hot, 
+85°C, the orifices 28 of the second plurality of ori- 
fices open as the pressure within the inflator 22 in- 
creases and ruptures the rupturable foil 32 to direct 

20 gas rearwardly into the air bag (not shown). If the am- 
bient temperature becomes very high, reaching and 
exceeding 85°C, the orifices 34 of the third plurality 
of orifices open as the pressure in the inflator 22 in- 
creases and ruptures the rupturable foil 36 to direct 

25 gas forwardly away from the air bag (not shown) and 
into the surrounding environment, that is, either into 
the compartment of the automotive vehicle or into a 
duct for transmission externally thereof. 

The use of rupturable foil 36 of increased thick- 

30 ness allows the use of larger orifices 34 than the or- 
ifices 16 in the inflator assembly 10 of the prior art de- 
scribed hereinbefore. The use of larger orifices 34 in- 
creases the amount of orifices working at +85°C. 
An occupant inflatable restraint system 38 con- 

35 structed in accordance with the present invention is 
illustrated in Figs. 5 and 6 in an inactive condition, be- 
ing mounted on the dashboard of an automotive ve- 
hicle. The restraint system includes a rigid metal re- 
action canister 40 which is fixed in any suitable man- 

40 ner to the dashboard 42 of the vehicle. The inflator 
assembly 22 is mounted within the reaction canister 
40 in an orientation so that a flow of generated gas, 
initiated responsively to the onset of a collision by 
means not shown flows into the air bag and causes 

45 it to expand rearwardly into the passenger compart- 
ment. At high ambient temperatures, +85°C, while 
the air bag is still expanding, gas from the inflator as- 
sembly also flows through the rows of orifices 34 at 
the end of the inflator assembly 22 directly into the 

so passenger compartment of the vehicle, as indicated 
by the arrows 44 in Fig. 6. 

Thus, in accordance with the invention, there has 
been provided an improved inflator assembly used on 
the passenger side of automotive vehicles that is oper- 

55 ative to provide leveled performance, that is equivalent 
occupant restraint, over the ambient temperature range 
from an extremely cold temperature of -30°C. to an ex- 
tremely hot temperature of +85°C. 
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There has also been provided such an improved 
inflator assembly while maintaining a thrust neutral 
configuration. 

Additionally, there has been provided such an im- 
proved inflator assembly that allows a wrap-around 5 
configuration. 

With this description of the invention in detail, 
those skilled in the art will appreciate that modifica- 
tions may be made to the invention without departing 
from the spirit thereof. Therefore, it is not intended 10 
that the scope of the present invention be limited to 
the specific embodiments illustrated and described. 
Rather, it is intended that the scope of the invention 
be determined by the scope of the appended claims. 

15 

Claims 

1. An inflator (22) for generating gas for inflating a 
vehicle occupant restraint (38), said inflator com- 20 
prising, 

an elongated housing (24), said housing 
having a first plurality of orifices (26) and a sec- 
ond plurality of orifices (28) for directing gas gen- 
erated by said inflator into the restraint (38) and 25 
a third plurality of orifices (34) for directing gas 
generated by said inflator away from the restraint 
(38); 

means (32, 36) covering said first plurality 
of orifices (26), said second plurality of orifices 30 
(28), and said third plurality of orifices (34) which 
ruptures at a first predetermined pressure to al- 
low gas to flow into the restraint (38) through said 
first plurality of orifices (26), which ruptures at a 
second predetermined pressure higher than said 35 
first predetermined pressure to allow gas to flow 
into the restraint through said second plurality of 
orifices (28), and which ruptures at a third prede- 
termined pressure higher than said first and sec- 
ond predetermined pressures to allow gas to flow 40 
away from the restraint (38) through said third 
plurality of orifices (34), 

With the orifices of the first, second and 
third plurality of orifices being so positioned with 
respect to said housing (24) as to provide a thrust 45 
neutral configuration. 

2. An inflator as defined in claim 1 wherein said 
means (32) covering the orifices of said first plur- 
ality of orifices (26) and said second plurality of 50 
orifices (28) comprises a material rupturable at 
said first predetermined pressure and said sec- 
ond predetermined and higher pressure. 

3. An inflator as defined by claim 2 wherein said 55 
means (36) covering each of the orifices of said 
third plurality of orifices (34) comprises a material 
rupturable at a predetermined pressure higher 



than said first and said second predetermined 
pressures. 

4. An inflator as defined by claim 2 wherein each or- 
ifice of said first plurality of orifices (26) has a 
larger area than each orifice of said second plur- 
ality of orifices (28), and 

wherein each orifice of said third plurality 
of orifices (34) has an area intermediate in size 
between the areas of the orifices of said first plur- 
ality of orifices (26) and said second plurality of 
orifices (28). 

5. An inflator as defined by claim 1 , 

wherein said housing (24) has a longitudi- 
nal axis (30), 

wherein said first plurality of orifices (26) 
and said second plurality of orifices (28) are dis- 
tributed on opposite sides of said housing (24) 
along a first portion along the length thereof with 
the orifices of each of said first plurality of orifices 
(26) and of said second plurality of orifices (28) 
being positioned in a plane individual thereto that 
passes through the longitudinal axis (30) of said 
housing, and 

wherein said third plurality of orifices (34) 
are uniformly distributed in at least one row 
around the periphery of a second portion of said 
housing (24) adjacent an end thereof. 

6. An inflator as defined by claim 5 wherein the or- 
ifices of each of said first plurality of orifices (26) 
and of said second plurality of orifices (28) are 
uniformly distributed along the length of said 
housing (24) with the orifices of said first plurality 
of orifices (26) being offset from said second plur- 
ality of orifices (28), and 

wherein the orifices of said third plurality 
of orifices (34) are positioned in one or more par- 
allel planes that are substantially perpendicular 
to said longitudinal axis (30) of said housing (24). 

7. An inflator (22) for generating gas for inflating a 
vehicle occupant restraint (38), said inflator com- 
prising; 

an elongated housing (24), said housing 
having a first plurality of orifices (26) and a sec- 
ond plurality of orifices (28) for directing gas gen- 
erated by said inflator into the restraint (38) and 
a third plurality of orifices (34) for directing gas 
generated by said inflator (22) away from the re- 
straint; 

first means (32) covering said first and 
said second plurality of orifices which rupture at 
a first predetermined pressure and at a second 
predetermined higher pressure, respectively, to 
allow gas to flow into the restraint (38); and 

second means (36) covering said third 
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plurality of orifices (34) which rupture at a prede- 
termined pressure higher than said first and sec- 
ond predetermined pressures to allow gas to flow 
away from the restraint (38); 

with the orifices of each of said first, sec- 5 
ond and third plurality of orifices being so posi- 
tioned with respect to said housing (24) as to pro- 
vide a thrust neutral configuration. 

8. An inf lator as defined in claim 7, 10 

wherein the area of each of the orifices of 
said second plurality of orifices (28) is smaller 
than that of said first plurality of orifices (26); 

wherein the area of each of the orifices of 
said third plurality of orifices (34) is intermediate 15 
in size the cross sections of said first plurality of 
orifices (26) and said second plurality of orifices 
(28); and 

wherein said first means (32) and said sec- 
ond means (36) each comprise a layer of foil, with 20 
the layer of foil for said second means (36) being 
thicker than that for said first means (32). 

9. An inflator assembly (22) for air bag passenger 
restraint systems comprising, 25 

an elongated housing (24), said housing 
having a generally cylindrical wall, and a longitu- 
dinal axis (30), 

said wall having first (26) and second (28) 
pluralities of gas discharge orifices formed on op- 30 
posite sides thereof with each of said first and 
said second plurality of orifices positioned in 
spaced relation in a plane individual thereto, 
which planes are disposed at an angle to one an- 
other and intersect coincidentally with the longi- 35 
tudinal axis (30) of said housing (24), said orifices 
of said first plurality of orifices (26) having a larg- 
er area than the orifices of the second plurality 
of orifices (28) said orifices of said first and said 
second plurality of orifices being spaced gener- 40 
ally uniformly along a first portion of the length of 
said elongated housing (24) with the orifices of 
said first and said second pluralities of orifices 
being offset from one another, 

first rupturable foil means (32) on the inner 45 
side of the wall of said housing (24) blocking all 
of said first and second pluralities of orifices, and 

said wall further having a third plurality of 
gas discharge orifices (34) provided in two rows 
in a second portion of the wall of said housing so 
(24) located adjacent and parallel to an end there- 
of, the orifices of said third plurality of orifices 
(34) being all of the same size, with each such or- 
ifice having an area that is intermediate in size 
the areas of the orifices of said first (26) and sec- 55 
ond (28) pluralities of orifices, and extending in a 
plurality of rows completely around the periphery 
of said housing (24), and 



second rupturable foil means (36) on the 
inner side of the wall of said housing (24) blocking 
the orifices of said third plurality of orifices (34). 
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